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Identification of the pathogen causing rot disease on Echeveria cv.

‘Peach Pride’ and determination of the main pathogenic substances

LIU Shuang!, ZHANG Tingping*, XUE Zhifeng?, LIU Yang®, WANG Jing*, QIAN Yaxin!, QIN Shiwen'*

(1.School of Institute of Resource Plants, Yunnan University, Kunming, Yunnan 650500, China; 2.College of Plant
Protection, Northwest A&F University, Yangling, Shanxi 712100, China)

Abstract: The fungal pathogen was obtained from the leaves of Echeveria cv. ‘Peach Pride’ with suspected rot
disease based on tissue separation and single spore separation. According to morphological observation, molecular
identification and pathogenicity test, this pathogen was identified as Fusarium oxysporum(F. oxysporum). The main
pathogenic substances of F. oxysporum was determined, it was found that the pathogen has strong degrading
enzyme activity on cell wall and the ability to produce toxins(fusaric acid), indicating that cell wall degrading

enzymes and toxins are the main factors for the pathogen’s invading, colonizing and pathogenesis.

Keywords: Echeveria succulent plant; rot disease; Fusarium oxysporum; cell wall degrading enzyme; fusaric acid
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JH B (Colletotrichum siamense) el 1 5 3 2 [ < £ 32
¥’ (Echeveria cv. Perle von NUrnberg) s #8125 11
LY 5 %% (Pythium myriotylum)I45

5t K F (Crassulaceae) il £1 3 1€ J& (Echeveria)
Z WY A EREME AR, TR0
TRAEER B RN, 2021 4F 8 A, AR
T T X —R k2 W AE YRR K & A A
10% 1) #0732 48 J& < 22 8k > (Echeveria cv. ‘Peach
Pride’) BB RAAEAR , B RAEWAE, HEAT T 9
AT 5 TR R SO PR BRI 5, X003 it 1T 2 2
B W IR REI , LA R 2 ARS8 R e
FERIRRAES

1 #R5EE
1.1 s

2021 4£ 8 J1, TEnmd RIS T X (10255'
3.734"E, 24%52'7.088"N)— Z A HH 4 5 b Fli i K H
NRAR 20 PREA BRI ESRGREIR 1 2 PIAR P < 24
B st .

AR I O . AR W R
I (Fusarium oxysporum )KMJY6 Fikk . FAEMZER
T (Fusarium oxysporum f.sp.cubense) . # )G 225 T
(Fusarium oxysporum f.sp.cucumerinum). P4 IALZE
94 B (Fusarium oxysporum f.sp.niveum) . 77 IR 255
I (Fusarium oxysporum f.sp.momordicae) . & /iifliZs
J7 I (Fusarium oxysporum f. sp. lycopersici), ¥ =
B R AR 2= B A P BR2A Y 3 S VAR
12 7%
L2.1 RRANGSBFEL

1) JRIREE s aifl . RAAL U 2EE, 1]
B TR AR, BT A 100 pg/mL RARE:
Z 100 pg/mL k708 R 1 4 A BB R 7
FE(PDA) |, 28 °CH:3: 7 d. PRERAHLHH FERY B
221 PDA b¥53%, 22U, FIWEIES 305
HEA T AR B TR AT T PR

2) TEAZEL . W 2090 53 B TR R AN T PDA,
28 °CHigR 7 d, MEEWHKILAMGIA, FHitH R
AR KA B TR AN TR SR B e s 5%
FECLAE, 155 3 FEHICE/K R, K15
flFRTR, TR NS R R AIEAS

3) TP HIFHIESEE . R SP Fungal DNA kit
7 5 (Omega) HE U 5L R DNA. il PCR 415 A
DU ARAS IR 1ITSIO . EF 1ol pgl JE Ry
FIE o XA B BERERY 3 Rk R 81 o Bkt T
[ U5 X e, R AR Rk T PR A AR DG F A1 4 58 &2
GenBase % #i& /& (https://ngdc.cnch.ac.cn/genbase/
submit/list), 7E NCBI A AHLIM: Xt . F11H
MEGA # {4 (version 11)HfHAMBISREAE ITS &
EFl-o RECHHERF SR pol ZERFE LB, &
K->k 1000,
1.2.2 RRABAMEGNZ

FHACERVERRTE Bilai’s 3552180 28 °C, 120
rimindRi% 5% 5 d, i sk e il 1<109/mL
P BRI . TR 6 MRS —BUrER bk 4E
PR, FERCERME PR A B PR R TR AR R Ak
FH 60 min, #&FhTAEAH, BT 28 °C. WG 12h
BN TSR, BERE I B Sk () e I
ik 3 kEA, L) Bilai’s R FRIRARMEHS G RE
FERR R , MAHRIAE IR 0 S E T 40 g Anatifb
WRIRER , D TEA M F P9 S o
1.2.3 RAREZZHRMTGAZE

1) 40 HERERE TS PRI E . R Bradford
04 DA M A ORI ERRERT 2 (y=0.759 1x+
0.0114, R?=0.991 1), Mz ZEMk K Rif R 2t 1Rl
PR KMJY6 Tk, FAEMZREN. A2
ETERE . PUTAR SN TR AR . 8 TR AR .
Titi 220 TR DA M B B MR B 4% ECCRR [15]
P, Lk DR FURERERR . A BN D—AOREGIE
Z RN FU R (PG)TEYE | B-1, 4 HIRPHIF(GLU)
TR B-1, 4 M B OCY L) T M i A o il 26
(y=0.004 2x-0.011 4, R?=0.998 4; y=0.001 5x-0.011 8,
R2=0.999 1; y=0.000 9x-0.136, R2=0.018 2). %]
3, 5~ ALK Ly O i 3 F il A TS 4 o

2) FRITEIR(FA)IIIAE o SR BAH 350 E
FA 7 (15 4 H 4 KUANG Z5070 5 sk A ik
Ko JsiA A FES0.43% IR (R EL 68 : 32), AL
A HEE, FEIESR 50 °C, #EFEE 10 uL, N
1 mL/min, FELANEK R 271 nm, ERERFNEAR
85351 ZORBAX Eclipse Plus Cig £1:(Agilent)
1 Agilent 1200 m=5BAH (i (Agilent) o KEARiES
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FA(Sigma—Aldrich)ic il 0.5, 1.0, 5.0, 8.0, 25.0,
50.0 pg/mL VAR, Fiuk BERREE MRS i S e,
DL FA BRUE IR T it R AR (x) , I TR A AL
Fr(y)2Z: hilbrifi £k (y=0.351 9x-0.136, R?=0.999 4),
IR FA P8,
1.3 HuBSH

iz Ffl SPSS Statistics 25.0 # {4/ br &t ,
Duncan i£# T2 H L,
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NREZ Z2 A ) < 2k TS g B, <3 pk
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Fig.1 Rot symptom on Echeveria cv. ‘Peach Pride’
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K/ H(12.2~22.1) tm><(2.4~3.6) pum(/& 2-2); /Nl
AT RIE, Ik, K/NR(4.1~5.2) pmx
(1.5~2.7) um([&l 2-2); JEAEHFEBRE, SR
A, KK 9.1~12.5 um(FE 2-3), MR X SLLE
W20 55 5 o Jir TR M Bk ) T J8 LR (Fusarium spp.),
AR Rk 45 KMBT7,
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Fig.2 Morphological characteristics of the pathogen isolate KMBT7 causing rot disease of Echeveria cv. ‘Peach Pride’

20 A EERER TR S E T AR X
L5 20 NIRRT ITS . EF1-o F pgl B8 B E 51 4H
IR 100%. FHCUERMEFE R KMBT7 /) ITS,
EF1-a 1 pgl #41 F1% % GenBase £t /4, 345 F

515 C_AA001270.1. C_AA001268.1 Fi1 C_AA001
269.1, Ffi)57E NCBI Hrifff7 Blastn HuxT, & IR
¥k 3 15 F oxysporum AH545 41 (GenBank
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AR R, 2351 99.64% . 98.62%F1 99.61%. B, KMBT7 #tk5 F. oxysporum f. sp. echeveriae
ITS 5 EFl-a PEPHEITII R G L TR 3 RHT, DB264130 HtRRTE]—73 3% |, AJR{EE 96%(&
KMBT7 Btk F. oxysporum BEARSRAERl—4337 I, 3-b), xLegE LA KMBT7 ¥kl F. oxysporum,
HJRMEHIE 100%, iiS5HAAFEMOHIFEEE  HS5908] mla s T RE G e R .
FG R (F 3-a). pgl P RFE LBtk

Fusarium oxysporum BRSP12 (LC383471.1 LC383473.1)
0 Fusarium oxysporum strain 0517-3-1 (MT974323.1 MT992553.1)
100|  Fusarium oxysporum strain EH51-4 (MK962470.1 MK266473.1)
@ Fusarium oxysporum strain KMBT7 (C_AA001270.1 C_AA001268.1)
Fusarium oxysporum strain F22 (MN095348.1 MK482302.1)

— Fusarium oxysporum strain TR-8 (MN216218.1 KX385085.1)
100 Fusarium tricinctum strain ZD3 (MK028863.1 MK032320.1)

a

100

Fusarium avenaceum strain NRRL 54939 (OL832320.1 MH582391.1)
56 I_ Fusarium euwallaceae strain FD31 Z1JU (JX891784.1 1X891896.1)
100 Fusarium solani strain FO4 (MF625660.1 MG601228.1)
68% Fusarium falciforme strain IMRC:NRZ:0138 (MF467480.1 MF467462.1)

Botryotinia fuckeliana strain Bc12 (AM235294.1 AM235184.1)

0.050
69| Fusarium oxysporum strain 759/1 1TFR (KC900500.1)

60} Fusarium oxysporum f. sp. conglutinans strain MAFF727516 (AB256753.1)

481~ Fusarium oxysporum f. sp. lycopersic strain FOL-3 (KP404107.1)

Fusarium oxysporum f. sp. lycopersici strain FWT-15 (KP404102.1)
100
83 Fusarium oxysporum f. sp. cucumerinum strain MAFF744005 (AB256756.1)

@ Fusarium oxysporum strain KMBT7 (C_AA001269.1)

96L Fusarium oxysporum f. sp. echeveriae strain DB264130 (KF019119.1)

Fusarium nygamai strain PVS-Fu 41 (EF205353.1)
EFusaz'iutzz proliferatum strain ISPAVEmc 1152 (EF205345.1)
97 Fusarfum sacchari strain NRRL 13295 (EF205341.1)

Botryotinia fuckeliana strain 137 (AM491890.1)

—
0.050

3 BHNEIZREIRE KMBT7 EHKEY ITS A1 EF1-a BEEHHERFIM pgl MRS 4L B
Fig.3 Phylogenetic trees for Fusarium oxysporum isolate KMBT?7 causing rot disease of Echeveria cv. ‘Peach Pride’ based on the

concatenated ITS and EF1-a sequences and pgl genes
22 FEEBENBEMY BE; 15d J5 BBt BUK BRI EE, IR
¥ KMBT7 Bk RER Fabde s g Do 200 IRAOITT RIS, it 2
7104 J5 . HOPK TSR BB ket ST B S0-40 A RITHIPILT-(F ). S

1 KMBT7 R HER 20 d J5 BRRK AR 2 fdERAERR I (CK)FT KMBT7 BkIERD 20 d JG M Atk 3 fdREdikk
HY=ZEHB(CK)FI KMBT7 HEEHEF 20 d J5 253000 2 iEtk o
4 FEFH KMBTJI7 Rk ‘B8 B ISR AR

Fig.4 Rot symptom on Echeveria cv. ‘Peach Pride’ inoculated with Fusarium oxysporum isolate KMBT7
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KMBT7 B4R E Mk A AR RE R 5 M & g etk —
B, TEEAMERN T ER, BB Hk
MBS FA TS KMBTT7 BRkm—3k, 1% g
FEMEAR I , AR 225 . 9B F oxysporum
S Bk BT e e I L

2.3 FEENFERFIR

2.3.1 tafRREIE R B ik b

TEMG R . R AR AT 4l R AR B 5 5

T, KMBT7 Ftks51™74: PG, GLU #1 XYL, i
322005 ST TR AR A Sk I RE RS I e 27 T2 SR lie . 2T
AR PR AR I B  KMBTT TEHER PG 1
PER T 500 BB KMIY6 MR AR 2R
BATEPE , GLU TEPESOR T IS 2205 147, 111 XYL
T o T T R 2 R R PR T KMJY 6
BRI ITEPE (R 1), ULBAIE T HoAth F. oxysporum &
A, KMBT7 Wtk EA B m A gE RGP, 1
SRR T - 2T 4 2 04 0 PR HAIR

*1 BRI RE R R E M AR EE B

Table 1 Cell-wall-degrading enzyme activities of the rot pathogen causing rot disease on Echeveria cv. ‘Peach Pride’ and the production

of fusaric acid by the pathogen

kR PG 1 1H:/(U mg ™t min) GLU 7HE/(U mg ™t mint) XYL IEH/(U mgtmint)  FA = &/(ug'mL?)

R KMBT7 (291.00 +6.56)e (299.00 5.57)b (1546.00 +11.14)e (55.3247.10)e

HETE KMIY6 (246.67 +£2.08)f (187.33 £4.51)f (722.33 £12.01)g (75.7345.45)de
EUE ST (177.00 £5.57)g (177.00 £2.00)g (2101.00 £10.15)b (96.015.91)d

EVIVRES T (606.33 +3.51)b (321.00 %4.00)a (1 853.67 +11.59)d (214.6249.52)bc
(YN RESTHL (445.33 +9.07)c (240.33 +1.15)e (2 599.33 +10.60)a (238.9047.03)ab
YN ES (621.67 £6.11)a (270.67 £4.04)c (2 000.67 £7.51)c (259.37428.03)a
bS] (311.67 %3.62)d (256.67 £2.52)d (1228.67 £8.14)f (212.42413.00)c

[RIAAR [l Bk e R TR 1] 19 25 5 Gei |24 2 (P < 0.05).
2.3.2 RRARIEARN >
F.oxysporum KMBT7 [##£fY FA 71 4 (55.32+
7.10) pg/mL(3K 1), AT FRAC R R LAt 2R
FsR IR B AR, L FA PR BRI R
FE PR EEG, RBBE ) A T3 3 A FRAR G
PEERER, A FHLRE,

3 HR5Tie

XA RS T XA 2 A Bk e
WEHEAT TR R TR A B ANEE , HH F. oxysporum J&
g R R T e e S TR, R I D T R A
A8 22 A i R SR T TR A B [ R At 4k
TIREARIBURY A 7 i 25 5

AR, ZRPEINERRIHEE (pgl) AT
PIEN Foxysporum E AL 2K 1 40 Fhric 2, #y
# pogl RGLER, LKBREREREK KMBT7 51
KA IR AL 8 2 A SRR e I A .
oxysporum f. sp. echeveriae(GenBank J¥ %1 5 &
KF019119.1)BIER L[R]3 3¢, KW bk i
AR T RE R BLA R T Ab A, BRI TR
KMBT7 TR LA -0 4 L B o2 At e A0 ™ ik ) DT PR
MRS, SR B ISR 27 A MORER A, 15 A

I ZH IR PE AR AR 500 BB

ANTFVE S5 5 A AF B AR A A ) D o D
IG5 7 A RE B 50 N S R UIAH G120
W, K2 (Botrytis cinerea) F1% 4% I (Sclero-
tinia sclerotiorum)fii ] T2 44 & & ALY A5 F 4148
(WFEANIREL), BRI A 27 4E R W R 20
TEVERC LT Y K 3 /N2 B MG T (Phaeosphaeria
nodorum) . 35 A (Magnaporthe oryzae) Fl K22 4
B 7 (Pyrenophora teres f. sp. teres)fz 4L it R AR}
THY AN RE & S P e R AN LF R, AR
it Y £ A R WD SRS PR R e il e 21, A5
KRB, AT HA SR B LR, KMBT7 T
PRIGEFAEZR WG PR, T SR A~ £ 4 K G
PERAR, ARG UAT S Z PR R F R 1) KMIY'6
DR HA ARG o HED X T B2 S )R
Z WY A M RE th 2P 4E R AR AT 4 R & B m
RBEEHBAA L, BRI T L RiE,

T TR 2 2 A A H i T TR L AL R Y R B
JHBER , WORE EAIMIEE, HFLRMAIEYE, S
W KBRS T, PG AIAIERS, H AT
R, FA EFERZNE WA i e,
o | B RUAR ZERE AR A SR IR B 1 T 2, AR K
B, KMBT7 [ Bk AU, A7 2 < 85 080 78 T8 i 1
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